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FRER-FLIGHT-TUNNEL INVESTIGATION OF THZ EFFEOT
OF THE FUSELAGE LENGTHE A¥D THE KSPEOT EATIO
AND SIZE OF PHE VERTIOAL TAIL ON
LATERAL STABILITY AND CONTROL

By Joseph A. Shortal -and John ¥W. Draper
SUMMARY

Tests have been made in the NACA free-flight tunnel
to determine the effect of the fuselage leagth and the
aspect ratlo and sise of the vertical tall on lateral
stabllity and control, MTuselages of. two different leangths
and various vertical tall surfaces were used on a powered
model in the investigation. Both flight and force tests
ware made.

The teste indicated that a deflclenty of tall ares
could not bs overcome by an lncrease in fuselage length
because the unnstable moment of the fuselage as well as
the tall effectiveness increased directly with the taill
length., With a positlive dagrec of directional stadllilty,
however, an increase 1in teil length providad increased
stability. An ingremssc in tho aspact ratio of tho verti-
cal tail from 1.00 to--2,28 incroascd tho.tall offectivo=-
neas by 67 percont. Power had a stabllizing offoct on
dircctional stability for single vertical tailsy whoroas
a destablilizing offoct was observed for twin taills.
Dorsal fins improved the directional stadbllity at large
angles of yaw,

INTRODUCTION

The demand for increasesd performance of pursult air~
planes has made 1t imperative that -the tail surfaces be
restricted to the minimum areas required for satlesfactory
directional stability and control, One possible means of
compensating for a reduction 1n tall slize 1s to lengthen



the fuselage. 1In order-to provide data on the possibdle
reductions in tall area -with an inereased tail length,
tests have been made 1i the NACA free-flight tunnel of
fuselages of two different lengths on a 1/10-gscale,
dynamic, powered model of a typlcal pursuit airplans,
The long fuselage lncorporated some addltional drag-
raducing features: The engine cowllag was enlarged to
accommodate the auxlliary cooling ducts and the mean
line of the fuselage was modified. The nose of the fuselage
vas extended somewhat to malntain the origlnal location
of the center of gravity.

In the investigation, the lateral-gtablility and
lateral-control characteristics of the model in flight
in the tunnel were detorminod with both fuselage lengthe
for four singlo vertical talls with two different aroas
and two aspect ratios., Doreal fins were added to two
of the talle. The fllight tosts wore supplementad by
force toets on the six-component balance in tho same
tunnel, In addition, force tests were made with a twin
tall having the same total area and the same aspect ratio
a8 the largest single taill.

Pl

SYMBOLS AND OOEFFTICIERTS -

g, 1ift coefficlent (L/qS5)

0D dreg coefficieat (D/qs)

Oy rolling-moment coéfficdent- (L;qbs)
Om - pltehing-moment coeffibieﬁt' éﬂ/d;S)

‘cy lateral-force cd;fficiént f!fééi{
n yawing-moment coefficiené- (E/qﬁé)'
vwhere . . |
L 11f%; rolling moment

D Arag

N pitching moment

Y latergl force

N.

Yawing moment:
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dynamic pressure (&pV3)

dynamic pressure at tall location
density of mlir, slug per cubic foot
alrspeed, feet per sscond

model wing area, square feet

vertical tall area, square fast

model wing span, faet

avarage model wing chord, feet

thrust diek-loading coefficilont (T/pV2D3)
thrust, pounds -

diemotor of model propellesr, faot
torque, pound-foet

torquo coafficiunt (Q/pv®D")

anglo of attaclk of thrust line, dogroos
flap deflection, degrees

angle of yaw of model, degrees

gslope of 1lift curve per radilan

tall length from center of gravity to rudder hinge

line, feet
aspect ratio

tail efficiency factor

rate of change of yawing-moment coefficient with

angle of sidesllp in radians (da0,/dp)

angle of sideslip, degrees



All forces and moments are glven with respect to
the stabdlillity axds.

APPARATUS

¥ind Tunnel.

Tho detalls and the operation of tha NAGA free=flight
tunnol arc described in referonce 1, Dynamlc modela may
be flown in the tunael under th: remote comntrol of a pllot
seoated below tho tasst saction. The pllot obsoerves tho
gstabllity end control characterietics of the model whila
attompting to fly 1t along a flxod courso., Tho pllot!s
observations are supplemontod by motion~plcture rocords
of the modol in flight. A photograph of thc modol as
testod in fligat 1s shown in f£igure 1.

Balance

The six-componesnt balance 1s located oa top of the
tunnel test section as shown in flgure 2., A removable
strut is used to attach the model to the balance.

A dlagrammatic sketch of the balance proper 1s pre~
sented as filgure 3. The linkage of the balence 1s arranged
to glve the momentes directly with respect to a point located
within the model. The anglesof attack and yaw may be varled
during the operation of the balance. The entire balance
rotates with the modal in yaw making the balance mxes coin-
clde with the stabllity axos of the model.

Detalleg of a typical balance-beam installation are
shown in figure 4. Three types of kxnlfo odgo ars used:
ocmery, bloek, and music wire. The forces arc manually
balanced with unit waolghts and a sliding ridor, Contact
points at the end of the bPeam lndicate na out-of-bdmlanco
condition by lighting neon lemps in the circuilt.

A photograph of the model mounted on the balance
gstrut is glven as figure 5.

Modsel

The model used in the investigation was & 1/10~scale
dynamic model of the Republic XP~41l alrplane. A three-
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view drawing of the model showing how the original fuse- '
lage was modilfled to form the long fuselage 1ls glven as
figure-6, The model was constructed ochiefly of balsa
with spruce reinforcements., The fuselagé was hollow and
containod ths control-operating mechanisms and & 3/4-
horsepower electrlec motor conneécted directly to a 13—1nch
propeller.

Thrae-quarter-fronu and slde viaws of tho model with
the normal fuselage ara glven as figura 731-with tho 1ong
fuselage, as flgure 8.

The mass and dimonslonal charactorlistics of tho alr-
plane roprescnted by the 1/l0-scale model are given in
the followling tadla:

weight. pounds [ ] * . ) L ] L) - -- L] L ) L ] [ ) ® L] L ] L] [ [ ] [ 6770
Moments of inertia, alug—feeta

Ix ® & s s 0 Te s 2 s s s e . ‘e « o o o 8 8 o & 3390

IY ® ® ® 8 ® 6 ® e o e ° o v & & 8 ®© ® °© ® e s @ 5309

Iz [ [ ] L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ L) ] L) ) ) . ) [ ] [ ] [ ] ] [ ] 7953
Sran, feet o « o o o0 o s o o o 6 ¢ 0 4 v 0 o s o . 36
Wing area, 8quare fo8t « o ¢ o o o o o o o o o o « o 223.%7
Wing loading, pounds per square foot « ¢« v o o+ « o« ¢ 30,3
‘Bpect Tatlo o o o 4 5 ¢ o 5 o ¢ o v o e o o e o o o 5.8
u.A.c." 1nchee L] [ ] [ J [ ] L] [ L L] [ ] L [ ) L L J L] L] L] L L L ] 74.6
Horizontal tall area, square feet . « « « o« « +« s« o 54.0
Brake horsepower ® e ¢ & 5 e * s s o & s & 8 e o @ 1750

The horizontal tall on the model was 30 percent larger than
the horizontal tell speclfied for the original eirplane.
The various vertical tails used in the investigation are
shown in figures 9 to 11, The dimensional characteristics
of these talls and the tall lengths used, measured from the
center of gravity to the rudder hingeline, are included in
table 1.

TRSTS AND RESULTS
Test Conditions
. »-All .the. -tests were made .with.the center-of'graviéy at

26.4 percent of the mean aerodynamic chord. The landing
goar was extended for all tests.




‘Flight Tests

~ In the flight teste the elevator-trim settlng was
varled over a range sufflclent to cover the alrspeed
range of the model., Although the stablility and control
charactoeristice of the model wore notod at oach alrspood,
particular attontion was given the low-speed conditions.
The following procedure was followed and ratings for each
condltion were asslgned by the pllot:

(a) The general stability characteristics were
determined by noting the behavior of the model with
controls flxed

(b) The control requirements were noted when the
gilerons and rudder wore used togother for latoeral controel

" "(o) The behavior of the model was noted vhon the
allerons alone were unspd for lateral control

. (d). ¥inally, tho rudder was usad as tiw soloc means
of latoral control and its effectivenass in picking up
alow wing was noted.

The ratings given by the pillot for tha various flight
tests Are given Iin table II. A rating of MAM 'ls conaldered
necessary with allerons and rudder used togesther, a rating
of #B" 1a consldered satisfactory for allerons alons, and
a rating of HC0® is coasidered satisfactory for flights with
rudder used alone for lateral control,

Force Tests

In the force tests, the dynamlic pressure was held
constant at 2,825 pounde per square foot., The speed of
tho modol propellsr was varled to reprassent thrust cooffi-
clents from -0.03 to 0,51, A thrust coefficient of 0,51
represants 1750 brake horsepower with a propellar affi-
clency of 80 percent at an alrspaed of 118 niles per hour,
The torque coefflcient assoclated with the thrust coeffi=
cient of 0,51 represented a full~scale propeller spesed of
1860 rpm. Most of the tests were made with fleps retracted
bacause the flight tests Indicated that this condiltion was
the most critlcel for directional stability,

The results of ths force tests are given in flgures 12
to 21, The baslic aerodynamic characteristics of the model



L-4a7

7

" with each fugelage without 'propellers are given in figure

12, The lateral-stablllity characteristics of the model
with each fuselage and with vertical tall off are glven in
figure 13, The effect of flaps on the lateral-stabdllity
characteristlcs of the model with normal fuselage, taill 1,
and windmilling propeller 1s shown in filgure 14, The
directional-stability characteristics of the model with
the normal fuselage and various vertical tails are given
in figure 16 for propeller windmilling and in figure 16
for powser on. BSlmllar data are given in figures 17 and
18 for the model with the long fuselage. A ¢ross plot of
Can agalngt the ratio of tall length to wing span 1ig

glven 1n flgure 19, In flgure 20, the increment of
yawing-moment coefficlent due te vertical talls of two
different aspect ratios are glven for the model with long
fuselege and propeller windmilling. The variatlon of the
rolling-~ and yawing-moment aad lateral-force coefficlents
wlth thrust and torque coefficlent are glven for the model
with the long fuselage for varlous vertical-~tall configu-
ratlions in flgure 21,

The valuee of the directional-stability derivative
Ons for all conditions testod ars summarized in table I,

The lnorement of dlirectlional stability contributed by the
vortical talls Acnﬂt wvas obtalnad by deducting the slope

with the tall removed from the slope with the tall on., The
calculatod values of AC, glven in table I woras obtained
by the equation Bt

St 4 9t
Acnﬂt =8 v q

The ratio qi/q was assumod to be unity with a windmilling
propeller for tho singloc talls and for both power conditions

for tho twin taile., For the Eower-on conditions with singlo

talls, a ratio of %ﬁ = 1 +

- was used. The ratio of

tha measured 1ncremants to the calculatad values of AcnBt

gives an indioation of the tall efflciency of each arrange-
ment,



DISQUSSION -

Affect of Muselage Length

The direct effects of fuselage length on the lateral-
stebllity characterlistics of the model as determined from
the force tests wlith the vertlcal tall removed are shown
in figuro 13. The offects of tall length on the dlrectional-
stabllity derivative cna for difforont tall and powor con-

ditions are shown in flgure 19. Tho long fuselagoe had a
coneidorably greator unstable yawing momont that tho normal
fuselage without vertical tall surfaces. The increase was
approximately proportional to the lncrease in fuselage length.
Part of this increase in unstable moment with the long fusew .
lage was undoubtedly due to the larger cowling and the more
forward positlon of the propeller on the long fuselage dut
the greatest effect was believed to be due to the increased
length. With power on, the unstable moment lncreased with
bhoth fuselages but the incrsase was more pronounced with

the long fuselage.

With vertical tall 2, which has low aspsect ratio,
practically neutral directional etability was odbtained with
either fuselage., This effect 1ndlicated that the increased
moment arm of the long fussealage provided only sufficient
rdditional yawing moment to effasot the additional unstabls
moment  of the fuselage. The lacreased tall length provided
the expected 1increase ln tho ineresment of directional
stablility contributsed by the tall as 1lndicated by the fact
that the tail-asfficlenoy factors mng 1n table I had approx~
imatoly the same valuss.

With tail 3 or 4, which has higher aspect ratio than
tall 2, somewhat higher values of Gna were obtalined with

the long fuselage than with the normal one for elther power
on or power off. This effect 1e particuvlarly sigaificant
for 1t means that, although a deficiency in an cannot

be overcome by 1lncreasing the tall lensth, increasing the
tall length of an alrplane that has a positive degrea of
directional stabllity willl allow some reduction in tail
area. This effect 1s to be expacted inasmuch as both the
unstable moment of the fuselage and the increment of moment
from the tail are directly proportional to the fuselage
length,



L-487

oy

"Phe flight-test results were in good agreement with
the results of the force tests. The same tall area was
required with the long fuselage as with the normal one

when either tail 1 or 2, which has low aspect ratlio, was
used. Although tall 2 on the long fuselage provided the
gsane t2ll volume as tail 1 on the normel fusolage, the
flight tests indicated somowhat loss stability than when
tall 1 was used. In fact, with tall 2, the model with

the long fuselage would trim at an angle of yaw of elther
109 or «10°, verifying the flat spot in the yawing-moment
curve of figure 1l7. With either tail 3 or 4, which has
higher aspect ratio than taill 1 or 2, however, good flights
were obtalned with either fuselage as 1ndicated in table 1II.
Tall 4 on the long fuselage provided the same tall volume
a8 tall 3 on the normel fuselage. Tall 3 on the long fuse~
lage provided the best flying arrangement for the model,

Effect of Vartical-~Tall Shapse

A study of the yawing-moment curves of figures 15 and
17 indicated that the flat spot near szero raw was chiefly
a result of insufflcient tall moment altaough there was
undoubtedly some shielding of the vertical tall at angles
of yaw from ~10° to 10°, This effect 1s shown in figure
20 in which the increments of yawing~moment coefflclent
due to the vertical tall are plotted for talls 1 and 3 on
the long fuselage. With elther tall, the slope 1ls constant
for angles of yaw from 10° to -10°,

The firet change 1in tall shape, designed to provide
more tall moment, was eimply an increese in the aspect ratilo
of the original tails wilthout change of area. Talils 3 and
4 have the same area as tails 1 and 2 but have aspect ratiosg
of 2.28 instoad of 1,00, With elther tall 3 or 4, the flat
spot in tho yawing-momeant curves was sliminated for tho wind-
milling condition as shown in flguroes 15 and 17. The 1lnoro=-

~ mants in yawing-moment slope due to tho tails Acnﬂt glvoen

in table I indicats that the tnils which have the highor
aspect ratlo provided approximately the inorocaso 1in slopo
that would be axpected., Tho effectivonoss of the vortical
tall was lncroasod 67 porcont dy thls 1ncrease of aspoct
ratio. '

RBithor taill 3 or 4 provided moreo satisfactory flying
charactoeristices and appoanred to bs more offoctive in ovory
rospoct than tail 1 or 2. ¥From a simplc analysis tho con-
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dition of  neutral stadility encountered with tails 1l and 2
in the windmilling condition at small ahgles o6f yaw might

be expected to provide a steadler flying ailrplane inasmuch
as simple side gusts would not change the heading of the
airplane, In the flight tests of the modsl ia the tuanel,
however, the steadlest flights were obtained with thes
vertical tails that provided a positive degree of direcs
tional stability through zero yaw, particularly with taill

3, With tail 1 or 3, the model woumld not hold any Bartic-
ular heading but would wander from 6° left yaw t6 5° right
yaw, -‘The low dihedral of the model prevanted any objection-
able rolling with-the changes in angle of Yyaw-and the model
- could be flown continuously, The wandeiing condition, howe
_ever, was bbjectionable and vwas not improvad dy lengthening
the fuselage. -With tall 3, however, satisfactory and steady
flights were obtained and the model was not unduly disturbed™
by the turbulent air stream of the tunnel,

Another attempt was made to eliminate the flat spot
on the yaw curves by dividing the original teil into twin .
talls and locating them naar. the stabilizer tipe on the
upper surface taq get the tall area away fromw the influence
of the fuselage. The aspect ratio and the total area of
the twin -tails (tail 5) were the same as for tail 3. A
good yewing-moment curve was obtaizned ‘with these tails
with a windmilling propeller (fig. 17) bdut, with power on
(fig. 18), a flat spot was noticad at negative angles of
yaw., Inasmuch as talls 3.and 4 were¢ satisfactory, no further .
tasta wore made with the twian talls,

"With the propellar windmilling. the twin tails, tail 5,
provided more tall moment than tall 3 apparently because
thoy ware located away from thp roduced veloclty raglon
naar the fuselage. With power on, however, tall 5 was
migsed by the elipstream at low angles of yaw and the
increasad unstable moment of the fuselage with power on
reduced the over-all stability of the model as indicated
in figure 19,

The doreal fins shown in figure 10 with .tall 1 and in
fizure 11 with tall 3 were principally effective 1n pro-
viding directional gtabllity at large angles of yaw. Oaly
a slight effect was measured at small angles of yaw, The
stability characteristics of the model in flight were not
changed in the normal-flight range by the addition of dorsal
. fins, . It is belleved, however, that the dorsal fins would
restriect the trim anglas of yaw to raasonable values for the
high~power conditlons.
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Effect of Power

The increasse in the tWistablé Yawing moment "of ‘the
fuselage due to power shown in filgure 13 was more pro-
nounced with the long fuselage than with the a2ormal one,

The increoase is apparently due to the increased velooity

of the slipstream passlng over the urstable fuselage.

Powsr also introduced a lateral foree, a rolling moment,

and a yawing moment at zero yaw that were approximately
proportional to the torque coefficlent as shown in flg=-

ure 21, .

= The increase in directional stadility Acnpt con~

.tributed by the varlous single talle with power on wae a
dlirect function of the elipgtream veloclty. This effect “
is 1lndicated by the fact that the efficlancy factors ng

woere substantially the same with power on as they were

with a windmilling propeller whon an average slipstream-
velocity factor was used in the calculations,

In flight the model -was more stable with power on
for all conditions tested, The tendency for the model
to wander in yaw with tail l or 2 was eliminated when
power was applied.

CONCLUSIONS

From the results of free~flight-tunnael tests of a
1/10-scale dynamlc model, on which two fuselage lengths
and various vertical-tall arrangemente were used, the
followling condlusions wera drawn:

l. Increasing the length of the fuselagoe was not a
satisfactory means of converting & noutrally stable air-
Plane into a directionally stadble onc bacause the unstable
moment of the fuselage as well as tho tall affectivonoss
increased dircctly as the fusolage length,

8¢ Incroaslng- the length of tha fusolags of a direction-
ally stable airplanc allowod some reduction in vortical tail
area,

%o The use of vertical tall surfaces of high aspect
ratlio was definitely beneficial. Increasing the aspeact ratio
from 1.00 to 2.28 lncreased the tail effectiveness by 67 per=
cent.
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4, Power had a stabilizing effect on directional
stability for single tails and a destabilizing effect
for twin tails.

5« Dorsal fins improved the directional stability
at large angles of yaw.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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ANATLYSIS OF DIRECTIONAL STABILITY DERIVATIVE

TABLE I

\

CnB

Normal fuselage; 1/b = 0.47

Tonz fuselage; 1/b = 0.63

b Gn?t Aong,
Tail :S’c/s 4 n On, |Heasured |Calculated] M C Measured|Calculated] M
B t ng T,
TC = “0‘003
None | ~0.0%4 | —mem - 1 =0,050 - : :
1 | 0.090{1.00}1.50 .011 { 0,045 0.064 | 0.70 .006 0.055 | 0.086 0.65
2 .067]1.00(1.50] © .03k .0k48 J2 | -.007 LOU3 064 .07
3 .090 | 2,28 | 2.50 O3 .o77 .107 .J2 .056 106 J143 T4
4 0671 2.28 | 2,50 027 | .061 .080 7 ' ‘
5 L0901 2.28 | 2.50 | == ——— .092 J1l2 143 11,00
Ic = 2,51 -
None 0,002 | ~—meme -0.111 -
1 | 0.090} 1.00}{1,50 L0241 0.135 | 0.199 0.68
3 090 2.28 | 2,50 1251 0.187 0.249 0.75 k7 258 3354 W77
5 .090 ! 2.28 | 2.50 018 ,129 b3 .90

21



TABLE II

RATINGS OF IATERAL STABILITY AND CONTROL BASED ON PILOT!S

{BSERVATIONS OF BEHAVIOR OF MODEL IN FLIGHT

|

Normal fuselage Long fuselage
Control Control
Flap Thrust
Vertical | deflec—~ | coeffi-~ Direc- Direc— .
tail tion cient, tional Ajleron | Aileron | Rudder tional | Aileron | Aileron | Rudder
-\(deg) T c stability and alone alone | stability and alone alone
o mdder rudder
1 "l {’ C A B- D —— — — ——
2 0 ~0.03 C A— C —— C A- B~ D
3 ? i B+ A B+ C+ A A A~ C-
L. J L B- A B — B & A O
1 O+ A B D+ — - _— =
2 ¢ A a - — - - -
O . 20 : .
3 A~ A A~ - A A A D
L J ‘ B+ A A ~— B+ A A~ D+
1 1 f B- 4 B+ D — - — —
2 60 ~.03 C+ A B+ —_— —_— — — ——
3. \ A A A - A A A c
il - A- A A- ¢ - B+ A A D
1 B A B+ D- — —_— — —
2’ 40 20 C+ A B+ D —— —— —— —
3 ° =N - — - — I A A D
4 A~ I3 A= C B+ A b D
Rating Stability Control

A Stable Good

B Slightly stable Fair

C Neutral Poor

D Unstable Unsatisfactory

1
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(a) Three-quarter ffont view.
Figure 7.~ Views of 1/10-scale model with normal fuselage and

tail 1.

_(b) Side view.
Figure 7.- Concluded.




NACA Fig. 8
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(a) Three-cuarter front view.
Figure 8.- Views of 1/10-scale model with long fuselage and
tail 2.

(b) side view.
Figure 8.- Concluded.
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Figure 10.- Vertical tail (tail 1 + dorsal fin) as tested on model with long fuselage.
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Figure 11,- Vertical tail (tail 3 + dorsal fin) as tested on model with normal fuselage.
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